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(54) CAPACITANCE TYPE DISPLACEMENT SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a capacitance type displacement 
sensor having a sensor head with a head surface made smaller without 
causing an increase in parasitic capacity. 

SOLUTION: The sensor head 1 comprises a sensor electrode 2 and a 
ring- shaped reference electrode 3 surrounding it. The sensor electrode 2 
has a proximal end portion 1 1 to which AC signal are directly supplied and 
a tip portion 1 2 disposed on the proximal end portion 1 1 through a conical 
dielectric column 13 and being smaller in diameter than the proximal end 
portion 11. The reference electrode 3 has a proximal end portion 14 
disposed in the form of a ring at approximately the same planar position 
as the proximal end portion 1 1 in such a manner as to surround the 
proximal end portion 11, and a tip portion 15 disposed on the proximal end 
portion 14 through a hollow conical dielectric hone 16 and being smaller in 
diameter than the proximal end portion 1 4. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The sensor head which has the sensor electrode which counters the measurement side which consists of a 
conductor, and the reference electrode of the shape of a ring which encloses this. A detection means to detect the 
terminal voltage of the aforementioned sensor electrode which changes according to the capacity between the driving 
means which drive the aforementioned sensor electrode with an alternating current signal, and the aforementioned 
sensor electrode and a measurement side. It is a sensor, the electrostatic-capacity formula equipped with the above - a 
variation rate the aforementioned sensor electrode A path has the 1st small point from the end face section of the 
above 1st with which it has been arranged through a cone-like member on the 1st end face section to which the 
alternating current signal from the aforementioned driving means is supplied directly, and this 1st end face section, the 
aforementioned reference electrode - the end face section of the above 1st, and abbreviation - with the 2nd end face 
section arranged in the shape of a ring so that the end face section of the above 1st may be surrounded in the same field 
position It is characterized by having the 2nd point with a path smaller than the end face section of the above 2nd 
arranged through a hollow cone-like member on this 2nd end face section, and constituting at least one side of the 
aforementioned cone-like member and a hollow cone-like member with the dielectric. 

[Claim 2] the electrostatic-capacity formula according to claim 1 characterized by both the aforementioned cone-like 
member and a hollow cone-like member being dielectrics - a variation rate ~ a sensor 

[Claim 3] the electrostatic-capacity formula according to claim 1 characterized by for the aforementioned hollow cone- 
like member being a dielectric, really forming the end face section of the above 1st, a cone-like member, and the 1st 
point of a conductor, and processing the nose of cam of the 1 st point of the above needlelike - a variation rate - a 
sensor 

[Claim 4] the electrostatic-capacity formula according to claim 1 which the aforementioned cone-like member is a 
dielectric and is characterized by really forming the end face section of the above 2nd, a hollow cone-like member, and 
the 2nd point of the conductor — a variation rate — a sensor 

[Claim 5] the electrostatic-capacity formula according to claim 1 characterized by processing the end face section of 
the above 2nd into tubed, and arranging the source of a RF oscillation as the aforementioned driving means to the 
interior — a variation rate — a sensor 

[Claim 6] The sensor head which has the sensor electrode which counters the measurement side which consists of a 
conductor, and the reference electrode of the shape of a ring which encloses this. A detection means to detect the 
terminal voltage of the aforementioned sensor electrode which changes according to the capacity between the driving 
means which drive the aforementioned sensor electrode with an alternating current signal, and the aforementioned 
sensor electrode and a measurement side. It is a sensor, the electrostatic-capacity formula equipped with the above - a 
variation rate - the aforementioned driving means It has a source of a RF oscillation, and the coaxial cable of the 
length of lambda (2+n [ l/]/2) (however, lambda oscillation wavelength and n positive integer) for supplying the 
oscillation output of this source of a RF oscillation to the sensor electrode of the aforementioned sensor head, as the 
aforementioned detection means It is characterized by having the high-frequency- voltage detector attached in the 
position of lambda (4+m [ l/]/2) (zero or more [ However, m ] integer below n) of the aforementioned coaxial cable. 
[Claim 7] the electrostatic-capacity formula according to claim 6 characterized by having the following and 
constituting at least one side of the aforementioned cone-like member and a hollow cone-like member with the 
dielectric - a variation rate - a sensor The aforementioned sensor electrode is the 1st end face section to which the 
alternating current signal from the aforementioned driving means is supplied directly, a point with a path smaller than 
the end face section of the above 1st arranged through a cone-like member on this 1st end face section - having - the 
aforementioned reference electrode - the end face section of the above 1st, and abbreviation - the 2nd end face 
section arranged in the shape of a ring so that the end face section of the above 1st may be surrounded in the same field 



position The 2nd point by which the path was small set up on this 2nd end face section from the end face section of the 
above 2nd arranged through a hollow cone-like member. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] the electrostatic-capacity formula which this invention makes a sensor 
head the position (variation rate) of the measurement side which consists of a conductor counter this measurement side, 
and is detected using electrostatic capacity in the meantime - a variation rate - it is related with a sensor 
[0002] 

[Description of the Prior Art] in order to measure a metaled surface position etc. by non-contact conventionally -- an 
electrostatic-capacity formula ~ a variation rate ™ the sensor is used this kind of ****** type - a variation rate - the 
sensor head of a sensor consists of a sensor electrode and a reference electrode arranged in the shape of a ring so that 
this sensor electrode may be surrounded (for example, JP,9-280806,A, JP, 1 0-3323 12,A, etc.) If the sensor electrode of 
such a sensor head is driven by the RF signal, according to the distance between a sensor head and a measurement side 
(namely, capacity), the high frequency current will change and the terminal voltage of a sensor electrode will change. 
Therefore, by detecting the terminal voltage of a sensor electrode, the distance between a sensor head and a 
measurement side can be measured. 
[0003] 

[Problem(s) to be Solved by the Invention] In order to make high detection sensitivity of an electrostatic-capacity 
formula displacement sensor, it is desirable for the capacity between a sensor head and a measurement side to be large. 
For that purpose, it is required that the area of the head side which counters the measurement side of a sensor head is 
large, or for the distance between measurement sides to consider as a small state. When a head side tends to be 
enlarged and it is moreover going to make this approach a measurement side, it becomes impossible however, to view 
the state of a measurement side where a sensor head counters. On the other hand, when the area of a head side is large, 
the flat nature of the measurement side where this counters is required. As for measured value, irregularity was 
harmonic-mean-ized if irregularity was in the measurement side in the range of the size of a head side. Therefore, it 
becomes difficult to carry out the scan of the measurement side and to detect a detailed level difference etc. if it puts in 
another way - the longitudinal direction of a sensor head ~ resolution becomes a low thing 

[0004] the longitudinal direction of a sensor head ~ what is necessary is just to make area of a head side small, in order 
to make resolution high When making the source of a RF oscillation etc. build in the end face of a sensor head, a 
certain amount of size is required for the diameter of a basis edge. What is necessary is just to process it in the shape of 
[ which extracted the path ] a cone, so that it goes a sensor head at a nose of cam, in order to enable viewing of the 
measurement part which a head side moreover counters, holding the path of the end face section of a sensor head to 
some extent, since the path of a head side is made small. However, if it is made such sensor head structure, another 
problem will occur. Since a main sensor electrode and the reference electrode which encloses this will adjoin in a 
detailed distance, it is that a parasitic capacitance big in the meantime enters. This parasitic capacitance brings about a 
detection sensitivity fall, when detecting the capacity between a small head side and a measurement side. 
[0005] an electrostatic-capacity formula with the sensor head which made the head side small, without having made 
this invention in consideration of the above-mentioned situation, and bringing about parasitic-capacitance increase ~ a 
variation rate -- it aims at offering a sensor 
[0006] 

[Means for Solving the Problem] The sensor head which has the sensor electrode which counters the measurement side 
where this invention consists of a conductor, and the reference electrode of the shape of a ring which encloses this, In a 
sensor the electrostatic-capacity formula equipped with a detection means to detect the terminal voltage of the 
aforementioned sensor electrode which changes according to the capacity between the driving means which drive the 
aforementioned sensor electrode with an alternating current signal, and the aforementioned sensor electrode and a 



measurement side - a variation rate -- The 1st end face section to which, as for the aforementioned sensor electrode, 
the alternating current signal from the aforementioned driving means is supplied directly, A path has the 1st small point 
from the end face section of the above 1st arranged through a cone-like member on this 1st end face section, the 
aforementioned reference electrode the end face section of the above 1st, and abbreviation - with the 2nd end face 
section arranged in the shape of a ring so that the end face section of the above 1st may be surrounded in the same field 
position It is characterized by having the 2nd point with a path smaller than the end face section of the above 2nd 
arranged through a hollow cone-like member on this 2nd end face section, and constituting at least one side of the 
aforementioned cone-like member and a hollow cone-like member with the dielectric. 

[0007] It is made to extract the path of a sensor head as structure where the dielectric was made to intervene between a 
point and the end face section, about either [ at least ] the sensor electrode of a sensor head, or a reference electrode 
according to this invention. Unlike the case where it extracts, so that the sensor head was constituted only from a 
conductor and it went the path at the nose of cam by this, increase of the parasitic capacitance between a sensor 
electrode and a reference electrode is suppressed. If a dielectric is made to intervene between the end face section of a 
sensor head, and a point, the RF signal given to the end face section will be transmitted to a point by capacity coupling. 
At this time, the amplitude transmissibility of the RF signal from the end face section to a point is decided by the 
capacity-coupling ratio by the capacity by the dielectric, and the capacity between a sensor electrode and a 
measurement side. If the thing of the big specific inductive capacity as dielectric materials is used, the RF driving 
signal of sufficient level for a point can be given. 

[0008] In this invention, the member made to intervene between the end face section of a sensor electrode and a point 
turns into a cone-like member (henceforth a column), and the member between which the end face section and the 
point of a reference electrode are made to be placed turns into a hollow cone-like member (henceforth a horn). In this 
case, 3 of the (a) column, the type which constitutes both horns with a dielectric, the type which constitutes only the (b) 
column with a dielectric, and the type which constitutes only the (c) horn with a dielectric types think, and it is ****. 
At the time of the type of (b), the conductor of one can constitute even from the end face section to a horn and a point. 
At the time of the type of (c), the conductor of one can constitute even from the end face section to a column and a 
point similarly. 

[0009] The sensor head on which this invention has the sensor electrode which counters the measurement side which 
consists of a conductor, and the reference electrode of the shape of a ring which encloses this again, In a sensor the 
electrostatic-capacity formula equipped with a detection means to detect the terminal voltage of the aforementioned 
sensor electrode which changes according to the capacity between the driving means which drive the aforementioned 
sensor electrode with an alternating current signal, and the aforementioned sensor electrode and a measurement side - 
a variation rate - In order that the aforementioned driving means may supply the oscillation output of the source of a 
RF oscillation, and this source of a RF oscillation to the sensor electrode of the aforementioned sensor head, It has the 
coaxial cable of the length of lambda (however, lambda oscillation wavelength and n positive integer). (2+n [ l/]/2) As 
the aforementioned detection means It is characterized by having the high-frequency- voltage detector attached in the 
position of lambda (4+m [ l/]/2) (zero or more [ However, m ] integer below n) of the aforementioned coaxial cable. 
[0010] In such composition, since the other end is the electrostatic capacity of the sensor head section when the voltage 
drive of the end of a coaxial cable is carried out by the source of a RF oscillation, it cannot take, but it reflects and a 
standing wave generates impedance matching. This standing wave serves as a "paragraph" and the mode in which a 
"belly" appears by turns, for every [ a "belly", lambda / ] four at both ends. Then, a sensor head is made to counter a 
measurement side, and if it asks for the position of a "paragraph" and the RF detector is prepared in the position at the 
time of a predetermined distance, the minute variation rate of a measurement side is detectable. That is, the minute 
variation rate of a measurement side causes change of electrostatic capacity, a reflection factor changes, a standing 
wave changes, the position of a "paragraph" moves and the RF amplitude which was a "paragraph" until now changes. 
[0011] 

[Embodiments of the Invention] Hereafter, the example of this invention is explained with reference to a drawing, 
the electrostatic-capacity formula according [ [gestalt 1 of operation] drawing 1 ] to the gestalt 1 of implementation of 
this invention - a variation rate - it is the cross-section structure of the sensor head 1 of a sensor, and drawin g 2 is the 
decomposition perspective diagram The sensor head 1 consists of a sensor electrode 2 and a reference electrode 3 of 
the shape of a ring which encloses this. The sensor electrode 2 has the end face section 1 1 and a point 12, and is 
making the column 13 which is the member formed in the shape of a cone intervene among these. Both the end face 
section 1 1 and the point 12 are metals at a conductor and a concrete target, and a column 13 is a dielectric. A reference 
electrode 3 also has the end face section 1 1, the end face section 14 of the same field position, and the point 15 of the 
same field position as a point 12, and is making the horn 16 formed in the shape of a hollow cone intervene among 
these similarly. Both the end face section 14 and the point 15 are metals at a conductor and a concrete target, and a 



horn 16 is a dielectric. 

[0012] A barium titanate (specific inductive capacity 5000) is preferably used for a column 13 and a horn 16. 
Moreover, the metal membrane formed at the nose of cam of these columns 13 and a horn 16 of the spatter is used for 
points 12 and 15. It insulates electrically with the insulator 17 with suitable end face section 1 1 of the sensor electrode 
2 and end face section 14 of a reference electrode 3, and is held in the said heart. 

[0013] As mentioned above, the path is extracted when the sensor head 1 of the gestalt of this operation goes at a nose 
of cam by making a column 13 and a horn 16 intervene. As shown in drawing 2 , the outer diameter in points 12 and 15 
has a more small outer diameter in the end face sections 1 1 and 14 to Dl, and it is set to D2 (<D1). The length of the 
portions of a column 13 and a horn 16 is concretely set to about H= 5mm, and the outer diameter of the point of the 
sensor head 1 whole is made into about D2=lmm. 

[0014] With the gestalt of this operation, behind the end face section 14 of a reference electrode 3, the tube-like object 
18 is continuously formed with this, and the source 4 of a RF oscillation is arranged inside the tube-like object 18. The 
source 4 of a RF oscillation is constituted using LC oscillator circuit which consists of Transistor Q, a primary winding 
of Transformer T, and a capacitor C. The bias circuit of Transistor Q is omitted drawing. Half-wave rectification of the 
secondary output of Transformer T is carried out by rectifier-diode D, and it is supplied to the end face section 1 1 of 
the sensor electrode 2. 

[0015] If a RF driving signal is supplied to the end face section 1 1 of the sensor electrode 2, a RF driving signal will be 
given to a point 12 by capacity coupling. And the high frequency current changes according to the distance x between 
the sensor head 1 and a measurement side, and the terminal voltage of a point 12 changes. Change of the high 
frequency current which serves as a function of Distance x at this time is detectable as terminal voltage of the 
resistance R connected between Transformer T and the end face section 14 of a reference electrode 3. 
[0016] Signs that a point 12 drives in the gestalt of this operation with the RF signal impressed to the end face section 
1 1 of the sensor electrode 2 concretely are explained with reference to drawing 3 . As shown in drawing 3 , capacity of 
the portion by which the column 13 between the end face section 1 1 of the sensor electrode 2 and a point 12 was 
pinched is set to CI, and capacity between a point 12 and a measurement side is set to C2. The potential by which 
makes a measurement side grounding potential at this time, and capacity coupling is carried out to a point 12 when the 
potential VI in the end face section 1 1 is given is as follows. 
[0017] 

[Equation 1] V2=C1 and V1/(C1+C2) 

[0018] Since the very large dielectric of specific inductive capacity is used for the column 13, capacity CI can be set as 
a state larger enough than C2. For example, the relation of capacity CI and C2 is mostly expressed as Cl/C2=(epsilon 
1, x)/(epsilon2andH), using distance between H, a point 13, and a measurement side as x for the length of the portion 
of a column 13. epsilonl and epsilon2 are the dielectric constants of a dielectric and air, respectively. When a barium 
titanate is used for a dielectric, the specific inductive capacity is about 5000. Moreover, as an example, if the numeric 
value of H= 1mm and x= 0.01mm is used, a capacity factor will be about set to Cl/C2=10. In a such capacity-related 
case, it turns out that the potential VI given to the end face section 1 1 is combined with a point 12 almost as it is so 
that clearly from several 1 of the point. 

[0019] After the sensor head 1 has separated from the measurement side greatly, a RF driving signal is hardly supplied 
to the point 12 of the sensor electrode 2 any longer, so that clearly from the above explanation. However, since it is this 
at the time of not measuring, it is satisfactory. Moreover, in being extremely long, the joint efficiency to the point of a 
RF driving signal becomes [ length H of a column 13 and a horn 16 ] a low thing. Therefore, it is necessary to carry out 
an optimal setup of the length H by the relation with the range which should be measured. 

[0020] According to the gestalt of this operation, the path of the sensor head 1 can be extracted, suppressing increase of 
the parasitic capacitance between the sensor electrode 2 and a reference electrode 3 by considering as the structure 
where the dielectric was made to intervene between a point and the end face section, thereby - the head side of the 
sensor head 1 - small - carrying out ~ a high longitudinal direction - resolution is realizable Moreover, it is possible 
by the jogging mechanism of viewing and shaft orientations to hold the parallelism of the apical surface [ as opposed to 
about 1mm, then a measurement side for the nose-of-cam outer diameter D2 of the sensor head 1 ] of the sensor head 
1. 

[0021] [Gestalt 2 of operation] drawing 4 makes the cross-section structure of sensor head la by the gestalt 2 of 
operation correspond to drawing 1 , and shows it. A different point from the gestalt 1 of operation of drawing 1 is 
forming even from the end face section 1 1 to the column 13 and point 12 of the sensor electrode 2 by the conductor of 
one, for example, a metal. Moreover, with the gestalt 2 of this operation, the point 12 of the sensor electrode 2 was 
made into the same field position as the field of the point 13 of a reference electrode 3, and is processed as a needlelike 
electrode. 



[0022] The same effect as the gestalt 1 of previous operation is acquired also according to the gestalt 2 of this 
operation. Moreover, as a result of making it project from the field of the point 15 of a reference electrode 3 by using 
the nose of cam of the sensor electrode 2 as a needlelike electrode in the case of the gestalt 2 of this operation, electric- 
field concentration becomes high and much more improvement in detection sensitivity and a longitudinal direction 
resolution enhancement are planned. 

[0023] [Gestalt 3 of operation] drawing 5 makes the cross-section structure of sensor head lb by the gestalt 3 of 
operation correspond to drawing.! , and shows it. A different point from the gestalt 1 of operation of drawing 1 is 
forming even from the end face section 14 to the horn 16 and point 15 of a reference electrode 3 by the conductor of 
one, for example, a metal. The same effect as the gestalt 1 of previous operation is acquired also according to the 
gestalt 3 of this operation. 

[0024] [Gestalt 4 of operation] drawin g 6 is the gestalt 4 of the operation which applied a drive method which is 
different in the gestalt 1 of operation using the sensor head 1 by the gestalt 1 of operation. The source 5 of a RF 
oscillation is formed out of the sensor head 1 . In order to give the output of the source 5 of a RF oscillation to the 
sensor electrode 2 of the sensor head 1, the coaxial cable 6 is used. The length LI of a coaxial cable 6 sets oscillation 
wavelength of the source 5 of a RF oscillation to lambda, and is adjusted to lambda (2+n [ l/]/2) (n is a positive 
integer). The output of the source 5 of a RF oscillation is connected to the end of a coaxial cable 6. The sensor head 
section is connected to the other end of a coaxial cable 6. 

[0025] The source 5 of a RF oscillation is voltage excitation, since a sensor head is an electrostatic-capacity formula, 
ends cannot take impedance matching, but a coaxial cable 6 can be mostly treated as in-phase reflection, and a standing 
wave occurs in a coaxial cable 6. At this time, the position of a standing-wave ratio and a "paragraph" changes with the 
values of the electrostatic capacity of a sensor head. Then, in order to detect this impedance reflective condition, the 
high-frequency- voltage detector 7 is connected in the middle of the coaxial cable 6. The parallel circuit of a capacitor 
CI is connected with resistance Rl through Diode Di at the central conductor of a coaxial cable 6, and the high- 
frequency- voltage detector 7 has the standing-wave ratio (Standing Wave Ratio) meter 71 inserted at the resistance Rl 
side. 

[0026] The position where the high-frequency- voltage detector 7 is connected is set to L2=(4+m [ l/]/2) lambda 
(however, integer as which m was chosen from 0, 1, --, n) as a distance L2 from a nose of cam. A detection output is 
zero, when high-frequency voltage is supervised in this position and load-carrying capacity is a reference value. If the 
distance between the sensor head 1 and a measurement side changes and load-carrying capacity shifts from a reference 
value, impedance reflective conditions will collapse and big high-frequency voltage will be detected. Therefore, 
according to the gestalt of this operation, the sensor head 1 enables it to detect a slight position change of a 
measurement side with sufficient sensitivity. 

[0027] In addition, although what used horn 16 as a sensor head 1 with the column 13 which consists of a dielectric, 
and made the path at a nose of cam small was used with the gestalt 4 of operation, sensor head 1 a or lb of drawing 4 or 
drawing 5 can also be used, furthermore, the electrostatic-capacity formula of the form of the former [ method / drive / 
using the coaxial cable of the gestalt 4 of this operation ] - a variation rate - it applies and is effective also in a sensor 
head 
[0028] 

[Effect of the Invention] an electrostatic-capacity formula with the sensor head which made the head side small, 
without bringing about parasitic-capacitance increase like by [ which were described above ] extracting the path of the 
point of a sensor head using the column or horn of a dielectric according to this invention - a variation rate - a sensor 
can be offered Moreover, the position of a measurement side can be measured to high sensitivity by supplying a RF 
signal to a sensor head using a coaxial cable, and using the drive method which detects a load effect by the success or 
failure of impedance reflective conditions. 
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i?)Ccti, FM©ffi8l^3<Tti$3:j;Ci. -fe>1^^ 



(3) 

3 

F©^S©S£**eft^Ott#&* FI©S 
^^<TS/cfe, Ofrb^v F®£>#fft*f SftilJSBtt 
^g1loJ^iT^/cJ6CC^ v -fe>U^ ? F^r5feJBCCtf< 

[0 00 5] C<D^W, ±ie*fg£*lS0T&;5ft/c 
[0 00 6] 

mmmtififa-? * * «t c n^m o mts v > ^ 

«g®Btt* Krie»i©»j8»i"6^c;ffiti[StcttiB» 
cDS^Pi, c©3&2©S^±fc*SR*ltt»#£/l> 

cxmrn s nit wt am 2 (Dg*» j: 0 a^/jN $ 2 0 

[0 00 7] C<D5tmcJ:2>t, -fe>1^* F©-fe>lJ" 

[0 00 8] CCD^iCfcl^r , -fe>-9-ma<DS^i 
J* ^SRiittaW («T, 5) so 



^2 00 1 - 1 94 1 05 
4 

<fcfr£. CCDii^, (a) A 

K£9#/£-r&*^±, (b) a ^ 

&*)mm?Z>*<<7t. (c) 

9$J&T££-f 7*©3 5f^^*5#^.nSo (b) <D*>f 
^c£D»^T£C£#r£& 0 Blttcc (c) 

[0 00 9] c©«Wtt*fti, *fl*&fcSH*rafffc» 
i**t*t>^» Fi, iiufE^>1tma££i£fI^ 

tefZtctiXD. <l/2 + n/2) A ({Six, A«^« 

BUfB^tB^SiLT, BUIBlSltt^^^W (1/4 + m 
/2> A (fSU m«0«±rnOTOH«) ©ttfite 

[0010] c©«3tc«SEtcte(r»r. iKJHtt»Rfl[(cj: 
ir^v Fep©»sgfir*s©r^>t-^>^fi^» 
r rmj % a/4»c r® j <t r^j *sjffi«:*ti** 

[0 0 1 1 ] 

[^JSOjeJK Hint C(D^h^(D^cd^ 1 J: 

^>o, B2tt*©#ra«»ia'caa. *>^»fi 

-fe>if«i2icti*moffltfi;>^tt©»ws 
3<t^6«jastiri»s. -fe>^ma2«, g^gpi 1 

i5fe«51 2?:Wl, cn€>©ra«c«Rlttt(CJBfiS3ti 

/cWr*^37Ai 3*^a$-&rt>5. S^SPi 1 

1 2 BftfcW*. MfmcctJAR-CftQ. a 
1 1 if5lD®{i§CDS^Pl 4t. Ml 2<h(HJDM 

aa©*«SBi 5^wi, cti6©racctt*^R«itt«: 



(4) 

5 

[0012] rJ^A 1 3SW->1 6(,O l m£L< 
^£>$^'J^A (J£gf^*5 0 0 0) #fiii>e>*i 
£/e5fc»$12. 1 5tc»Cti6cDnvAl 

? F 1». 3 «t*->l 6£/N£Stt&C<t«: 10 

<fc^CC. 3£*S3IU 1. 1 4T?©fl«#D liCtfU ftSffiS 
»12, 1 5-C®^S«J:0/h3<. D2(<Dl)i 

^$^:H=5mmlgit, -b>^-?Fl*»© 
^8P©^»*D2= lmm*I&<L-f£o 

[0014] c©Hft©»«rtt. *!S«S3©ai8» 

TfcO, 1 8 ©rt»CCi«Sift»S«4 3&«E« 

StiT^S. KMaS«HR4«iNAa i h5>5?**Q 20 

«2©as»an l^s^^n^o 

[0015] 2 cdS*S£I5 1 1 &C«Ji$ig$b<I 

IBtt«#*« s *it6ti&. fit, -fe>U^? Fl <tffi»J 

[0016] ft*WjCCC©l8ft<0?eSi«c*j(r»'C. 
SB2<D££S3P1 l«:ETOWSn-5WSiR<a#«c<fc«)*S 
SRI 23W|R»$nsa^^, |3l:#Iir»6c 

1 2CD^<Dr3^Al 3&$k&tltc%m(D f &m$:C 1 £ 
U 1 2 i3tfflffi<0ffl©S*£C 2 £-T£o CCD 

ft»Jffi^SMl*ttiU. £*gasi lCC***ffiV 40 
1 2fcSS*&^$ft*«&tt. 

[00 17] 

[»1 ] V2 = C 1 • V \/ (C 1 +C2) 
[0018] 3{CttJ:MiS¥©««>T*#l>ii 

§B#CDg££H, 5fe^l 3iltilPJffi<Z>ra©ffi(lt*xi 

or* stci. c2<Dmmzmz. ci/c2 = (e 

1 • x) / (e 2 • H) <blt3*i£o ^ 1. £2t«n 50 



^20 0 1 - 1 94 1 0 5 
6 

^©ttits*«tt5 0 0orA 

*fcA*Wilt, H=lmm. x = 0. 0 1mm 
©aMa*JBl>*£, SSJtttisJ:^ Cl/C2 = 10 

[0 0 19] K±©OTBa»63J63Mc«fc9«: % *fe>lf^ 
? F 1 3&J9HBffl*6** < dtifcttSS-Ctt, i^JHi&IESti 

[0 02 0] COHJfe©je»CC<fc-5i, 5feiSa5<b^SP 
<DllBKiW#*^ftS'tt^:fltti«Ci«:J:0, -fe> 
^@2 <bS^m@3(D^©^^SCDiiA^P^^^ 

0. -tel/i^* F1(D^-; Flfi&'hS < l/T, jf^SW 
l«I^»tt^t^Ci^#*. -fe>i^-/F 
1 O^^D 2 * 1 mmlSitn^ H^Wt*^ 

[0 02 1 ] [m&Vimz ] H4tt. H«<D»fl82 CC 
«fc«-b>^9 F 1 a®II«g^i 1 fC*fjSSircS 

@2CDS^1 1^6^7A1 3Rf>*5fe^^l 2£r 

$>^o *fcC©H«S©^SS2'C«, -fe>1f-*S2©*jS 
SP1 2^:, a»«fi3©^5HS»l 3<Dffii[5lDM{igi 

[0 02 2] C©SBttO>»JS2 5C<fcoT4>5t«>^(D^ 

J©^, i2>imS2(D$«S*«-tRm«i0'rS*««3 

[0 02 3] [mtH&Ofm 31B5B, ^S6©JB1B3 CC 
«fcS-b>^^ Fl b©Kffi1»**Hlcc*ra;S'l*T7^ 
Ui^o 01<D3lif6©^SSl S?HmS 
3©a«»l 4*6*-> 1 6RCf*«»l 5*r^r- 

C ©!Qfi©J&« 3 CC J: -o X $>9c<D$m<!Mm 1 <b 

[0024] [H*0»«4 ] S 6 Htt©»» 1 tC 

Ktbttzftm istcmmomm 4 r $> w^ift»««R 



(5) 
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8 



d/2 + n/2) a (n»iEois») ctmissttT^ *rsirc&s. 



ciwt, [5)14^-^6 «:«5£aE«^^s. c 10 ;^ffl^ta^Si^$'fe>^!' fk«»U -f>tr 

glOl{c<fcot^fctS. -ectC(D>f>h--y>x ^£ffli>&c<LK<fc*K sraM©ffiS*«^«:8l5£ 

@B7W, 13*11^-^6 <D*^l3Wt(C, y-t#-FD [01] COlfeW<D^te©^J!SlK:<tS-fe>^^ F 

i */M/8taR 1 £* + ><i/*C l©»JH&#Jg&3 KDM^"fflt*6 0 

47. ^(D&JnR 1 WJCCff A$tl/c^SM (Standing W [0 2] [Hj^J&fc<DB*& 1 <D-fe>t^ ■» F 1 
ave Ratio) ^-^71 £*tf i^So 

[0026] wH««K*HiiiB7*«««3tistii[» [03 ] mmmmmi omm&frzt&w-rztc&oy 

m^5fe^6CD^L2<bl,rL2= (1/4+ 20 ^C£>£„ 

m/2) A ({10, m«0. 1, n^jatfftfcSS [04] CO^W<D^j»©^SI2 K <t&-b>^ F 

i^e>rn^<b, -r>e-^>^ss**fr3&*fflti, [06] c<o¥m<ommomm^c^^>^y f 

& t % -fe >^ * F lie J: 0 . %\mW<DWip<D{kW£M [ff*D8« ] 

^SJ:<«ltH"r^Ci^Dj^CC^^ 0 1, la, lb— te>t^?F\ 2—fe>1f«6, 11 

[0 0 2 7 ] ^*5lUSCD^4-C«-fe>-tf^^ F 1 £ 0 -£38315, 1 2 -5fc3*S. 3-»tm 

ft* 35 A 1 3i*->l 6/Blr»T5te38 30 14-gSMk 15-5fe» 1 B-#->. 4, 

®a^/h3< Ltcb<D&m^tc&. 814*1^*815©* 5 7-*H«*E 
>tf^ F 1 a*l»ttl b^l^Ci^-Clf^o IK* tfHi^o 



[0 02 8] 
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